The integrated Mission Planning System (MPS) of Unmanned Surface Vehicle (USV) refers to the process which can recognize, decide, plan situations and carry out missions, such as human beings, for all incidental or complex events occurring at sea. In the actual operating environment, it is necessary to develop a simulation software environment and analyze, verify it in advance so as to make an appropriate mission plan considering equipment, sensor, fuel, and other available resources. The existing USV mission planning process methodology has several limitations in the analysis of USV missions because the scenario to be tested is limited and autonomy of USV is not considered sufficiently. To overcome these problems, we constructed a process that considers various missions and is more autonomous, and an integrated environment in which to experiment. In this study, we designed a multi-agent based USV Integrated Mission Planning System and modeled each component. In addition, we constructed the USV remote operation S/W based on M&S that user can experiment with the modeled process and verified the usefulness of the developed system through simulations.
shown in Figure 1 , the operator can monitor at the remote operation station (ROS). In order to give a specific command to USV regarding mission performance, a remote operation system equipped with a series of communication and sensor equipment is required [3] , and it is mainly built on the ground. In addition, there are active researches on algorithms that perform tasks such as radar, lidar, GPS, etc. to identify obstacles, and enemies [4] . In recent years, research has been conducted on how to effectively search mines using robot software platform, Robot Operating System (ROS) [5] . As such, USV performs various missions in the ocean and requires various algorithms and autonomous operation process to accomplish this.
Therefore, it is necessary to study the Integrated Mission Planning Process
Design that can plan the mission considering the equipment operation situation according to the surrounding situation when performing the mission. Although the USV is expected to be able to operate autonomously in the marine battlefield, it is having trouble due to constraints such as communication problems and complicated environment compared to other unmanned systems [6] [7] . In addition, autonomy is not sufficiently considered in the existing autonomous unmanned system research, and research on the simulation experimental framework is insufficient. In this study, we modelled the integrated MPS and developed a simulation environment based on Modeling & Simulation (M&S) that can analyze and verify processes. This simulation-based integrated MPS process can be presented as an alternative to in-situ testing that involves high cost and risk in actual USV development [8] [9] . This paper is divided into Part I Figure 1 . USV operation system. World Journal of Engineering and Technology and Part II. In Part I, modeling and verification of the Integrated Mission Planning System is discussed. In Part II, we will discuss the experimental framework that can be simulated with the above-mentioned model. Therefore, the Section 2 of this article defines the integrated mission planning process structure and describes each internal model. In Section 3, we briefly review MPS which we designed, and suggest about future research directions.
Integrated Mission Planning Process Design
The integrated mission planning process of USV is an intelligent system that has high-level decision-making functions such as mission planning, path planning, and equipment operation planning to smoothly perform a given mission in an unknown marine environment [10] . Depending on the given mission and environment, various situations such as path re-planning, obstacle avoidance, unmanned ship detection, fuel shortage, and even equipment failure can be encountered. Since they have different characteristics, it is necessary to consider 1) maximization of consistency of each component, 2) independence of each module, and 3) ease of extension of additional modules. In this regard, we need an integrated process model and architecture that can efficiently plan the mission. 
Integrated Mission Planning Process Modeling
In this study, we introduced an artificial intelligence system implementation methodology to effectively model logical elements such as situation awareness, When the MF receives the information about the situation (detection of Unmanned Vehicles), the FB determines the type of the information (enemy) and decides the next action (tracking the enemy) according to the rule in KB.
Integrated Mission Planning Process Structure
As mentioned above, the M&S based integrated mission planning process structure is classified into 1) Multi-Agent Process, 2) Platform, 3) Space, and 4) EF (Experimental Frame). This section introduces each model in detail.
Multi-Agent Process
The most important part of this study is the process that takes overall responsibility for the logical behavior of USV. This shows a multi-agent hierarchical structure combining the above-described unit agents of different functions. In Figure 5 , this process introduced Norman's seven-step model of human behavior processing in cognitive science [10] [11] . This model is fundamentally same with artificial intelligence or humanoid that approach three basic elements: awareness, decision making, and behavior. However, the recognition factor is expressed in more detail. First, the self-estimation agent is responsible for the identification of objects other than oneself. The identification agent is responsible for identifying and verifying all of its information and status. If the current status of the other party is confirmed, it is necessary to recognize the overall situation including the relationship between them. The agent for this is the situation awareness.
If the situation is recognized through this agent, a decision-making agent in charge of the decision is activated. In other words, it is decided whether the current situation is normal and whether to continue the mission according to the existing plan, or whether the current situation should be taken as an abnormal contingency and to take emergency measures and establish a new plan.
Then, the task re-planning agent establishes a plan for the detailed tasks that are roughly required according to the decision. And it determines the optimal order of action from the current situation to the target situation. The task plan thus determined is again classified through the path planning and resource allocation agents. The path-planning agent is responsible for the specific route planning of the USV. The resource allocation agent establishes a detailed schedule based on the work plan, such as the timing of input of resources such as sensors, weapons, communication equipment, and mission time.
Platform
The Multi-Agent Process represents only the logical part of the USV. However, the logical part can only be described in terms of the actual USV by interfacing with the physical part. The physical model of the USV for this is the platform.
The platform model consists of four detailed models: C2, Sensor, Engagement, World Journal of Engineering and Technology and Movement. C2 represents command and control of USV, and sensor represents sensor information such as radar, sonar, and LIDAR. Engagement and movement represent the weapon and movement path of USV. 
Space & EF

Simulation and Verification
Section 2 introduces the integrated mission planning process structure for USV operation. Based on this structure, we designed an agent-based model and interface environment using C# and Unity3D programs. Figure 6 shows agent pseudo code examples for each model modeled in this study.
In order to verify that modeling process, we created a mission scenario and confirmed through simulation that the mission information transfer between the Multi-Agent Process and the platform is well done in the interface. Figure 7 shows the process of Multi-Agent Process and Situation Awareness Agent in case of avoidance of obstacles, and shows scenarios in which the existing route is re-planned. Figure 8 shows the simulation execution screen of the interface developed in this study.
Based on this research, it is necessary to define the MOE for various situations such as engagement, search, avoidance, and failure as well as obstacle avoidance, and analyze the mission effect through iterative simulation. In order to do this, an interface based experimental framework should be constructed to enable Figure 6 . Agent-specific pseudo-code for each model modeled in this study. 
Conclusion
In this paper, Part I, we defined and briefly simulated the Integrated Mission Process model, which enables usable resources and appropriate situation judgment in the complex marine battlefield environment. The core differentiations of this study can be classified into three. First, 1) modular system based Multi-Agent has ease of implementation, scalability, and reusability. Therefore, it can be easily applied to various studies in the future. The second is 2) simulation-based integrated environment. The key points for USV tactical operation can be confirmed through simulation and visualization beforehand. Finally, 3) Figure 8 . Simulation execution display of interface developed in this study.
Mission of Effectiveness (MOE) analysis module of USV is easy to be installed in this environment. Since the simulation results are collected and analyzed independently, the mission effect analysis can be easily performed. This is covered in detail in Part II. Therefore, in Part II, a simulation-based interface was constructed through the modeling process, and it was repeatedly simulated to study the mission effect of USV. In addition, we introduce the interface design mentioned above and the simulation experiment frame for analysis of mission effect.
In the future, MOE will be defined through consultation with experts, and optimal operating conditions will be derived through the study of mission effectiveness and conformity analysis. In addition, it will improve the effectiveness of this model through iterative simulation.
